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(54) Bias material, magnetic marker and method of producing the bias material 

(57) A bias material for magnetic markers is pro- 
duced by plastic working to provide a strip form, which 
has a metal structure consisting of the iron-base matrix 
and a non-magnetic copper group metal phase in an 
amount of not less than a solubility limit thereof in an 
equilibrium state at a room temperature. The non-mag- 
netic copper group metal phase is dispersed in the 
matrix so as to form a microstructural rod pattern. The 
bias material comprises preferably 3 to 35% wt% of a 
copper group metal. The magnetic marker is produced 
by combining the bias material and a magnetostriction 
element. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 
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The present invention relates to a bias material for magnetic markers for applying a bias magnetic field to a metal 
piece (hereafter called a magnetostriction element) which oscillates under the magnetostriction effect, a magnetic 
marker, and a method of producing a bias material for magnetic markers. 

2. Description of Related Art 

Some electronic monitoring systems have been proposed, by which magnetic labels attached to commodities are 
detected as markers for a purpose of preventing theft or watching a transferring flow or kinds of commodities, goods or 
articles Among such systems, there is a system in which markers are made from a magnetostriction material. 

For example JP-A-8-60312 (EP702096A1) teaches to use an amorphous magnetostriction material as a marker. 
Particularly, JP'312 discloses a system according to which a magnetostriction element made of a specific amorphous 
metal is detected by a pickup coil by way of causing the magnetostriction element to resonate within an alternating mag- 
netic field so as to vary the magnetic field. 

WO-96/32518 (USP5628840) and JP-A-8-87237 teach, respectively, a magnetic marker which is a combination of 
a magnetostriction material and a bias material which exerts a preliminary magnetic field (or a bias magnetic field) on 
the magnetostriction material. The magnetic marker taught in the publications is preliminarily provided wrth a bias mag- 
netic field so that the magnetostriction material mechanically resonates under exertion of an alternating magnetic field. 

According to such magnetic marker in which the bias material is made of a semi-hard magnetic material by which 
a magnetostriction element for a marker is exposed to a bias magnetic field, the marker can be inactivated by demag- 
netizing the bias material without removing it from a commodity or article. 

Thus if markers are inserted into or attached to commodities or articles, they can be dist.ngu.shed from one 
another by way of inactivating the magnetic markers being attached to the commodities when paying therefor, which are 
those properly purchased and those intended to illegally bring out from a shop, the latter commodities carrying active 

magnetic markers^^ ^.^.^ systems a selection of the bias material for applying a bias magnetic field to the mag- 
netostriction material is important as well as a selection of the magnetostriction material for markers. 

The bias material is required to have a higher coercive force than the magnetostriction material so as not to be 
demagnetized by the magnetostriction material, and must be magnetizable and demagnetizable. 
35 As magnetizable and demagnetizable materials, there have been known Fe-Cr-Co semi-hard magnetic materials 
represented by an Fe-25Cr-10Co alloy (by weight percent), which are used for lead relays and other applications. 

Although Fe-Cr-Co alloys have been used also as bias materials, they are expensive because of a large amount of 
Co which have coercive force of as high as 7,200 Ami. residual magnetic flux density (Br) of about 1.1 IT, and rema- 
nence ratio (Br/B8 000). which is a ratio of magnetic flux density at an imparted magnetic field of 8.000 A/m (saturated 
40 magnetic flux density (B8.000)) to residual magnetic flux density (Br), is as relatively low as about 0.8. 

As mentioned above, the bias material is a material which can be magnetized and demagnetized, and if its coercive 
force is too high, it is difficult to demagnetize. If the bias material is not fully demagnetized, the electronic mon.tor.ng 
system may be operated erroneously. 

Similarly, if the remanence ratio and magnetization steepness are unsatisfactory in the B-H curve, the boundary 
as between magnetized and demagnetized states is unclear also resulting in erroneous operat.on. _ 

The term ■'magnetization steepness" (or steep rise and fall magnetization property)used herein is the property of 
radical or abrupt change in the magnetized state when the bias material is magnetized or demagnetized and the B-H 
curve of materials which is significant or excellent in magnetization steepness have a generally rectangular form. 
It is determined as follows whether or not the magnetization steepness is significant or excellent. 
In general it has been believed that a semi-hard magnetic material reaches a saturated magnetic flux density when 
a magnetic field of five times the coercive force of the material is applied. This magnetic flux density .s herein ca led 
BfSHcrFuVtheV a magnetic flux density wFeri a magnetic fie 

is called B(1 5Hc), and when the ratio of B(1 5Hc)/B(5Hc) exceeds 0.8. the material is herein determined to have excel- 
lent magnetization steepness. .. 

While the residual magnetic flux density is preferably as high as possible for applying a bias magnetic field to the 
magnetostriction element, that of Fe-Cr-Co alloys is much lower than 2.1T of residual magnetic f luxdensity of pure iron 
The magnitude of the bias magnetic field applied to the magnetostriction element is in proportion to the residual 
magnetic flux density and the cross-sectional area of the bias material. Also, if the residual magnetic flux density is low. 
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the cross-sectional area of the bias material must be increased, which is not suitable for downsizing the magnetic mark- 
ers. 

SUMMARY OF THE INVENTION 

5 

W Accordingly, an object of the present invention is to provide an inexpensive bias material for magnetic markers, 

I which has excellent magnetic properties. 

Another object of the invention is to provide a magnetic marker using such a bias material. 

Still another object of the invention is to provide an suitable method of producing the bias material. 
w The present inventors examined to look for inexpensive materials each having high residual magnetic flux density 
and high coercive force required to bias materials for magnetic markers, which can realize a high remanence ratio and 
excellent magnetization steepness in B-H curves, and has found an Fe-base material which comprises a non-dissolved 
copper group element. 

I The basic substance of the invention relates to a bias material for magnetic markers having a structure in which a 
non-magnetic copper group metal phase is dispersed in the Fe-base matrix. 

The invention also relates to a bias material for magnetic markers having a structure in which a non-magnetic cop- 
per group metal phase and non-magnetic compound grains are dispersed in the Fe-base matrix. 
In the invention, metal carbide grains are preferably dispersed as the non-magnetic grains. 
In the invention, 3 to 35% by weight of Cu is preferably contained as the Non-magnetic copper group metal. If the 
20 coercive force is too low, magnetization of the bias material is not stable, thus a more preferable lower limit of the Cu 
content is not less than 5% by weight . If the coercive force is too high, demagnetization of the bias material will beco me 
difficul t. Thus, a more preferable upper limit of th e Cu c ontent is not more than 25% by weight. The Cu content is desir- 

"a bly 8j nP% *y woiphT 

rhe bias material for magnetic markers according to the invention has an elongated form such as a strip or a wire 

25 as a result of plastic workin g. A strip form is excellent since a larger cross sectional area than that of a wire form can 
be obtained while having a small thickness. 
| » In the bias material, the non-magnetic copper group metal phase has is dispersed to form a microstructural rod pat- 

I I tern along the longitudinal direction of the bias material. 

The bias material has magnetic anisotropy having a longitudinally easier magnetization property relative to that of 
30 the transverse direction of the bias material. 
, The magnetization steepness property of the bias material of the invention may be improved by heat treatment after 
plastic working. 

In order to more effectively utilize magnetic anisotropy, the bias material of the invention is taken from a worked 
material in parallel to the elongated non-magnetic copper group metal phases. 
35 The term "Fe-base" used herein means that iron comprises trace components including C (carbon), Si, Mn, P, S, 
Al, N, and/or O (oxygen), and additive elements which can be dissolved in Fe to produce a solid solution. 

In the invention bias material, since the non-magnetic copper group metal phases have a considerably low solubility 
in the Fe-base matrix, they are present in the matrix as discrete phases except for a trace amount thereof which is dis- 
solved in the matrix. 

40 The term "dispersion" or "dispersed" used herein does not mean a dispersion in the atomic level, but a presence in 
the bias material as an "discrete phases." 

The bias material for magnetic markers according to the invention may be obtained from a casting consisting of the 
Fe-base matrix and non-magnetic copper group metal phases dissolved in the matrix in an amount equal to or more 
than a solubility limit thereof in an equilibrium state at a room temperature, by forming the casting to have an elongated 
45 form by way of plastic working. 

Alternatively, the bias material for magnetic markers according to the invention may be obtained from a material 
produced by compacting or sintering mixed powder such as a mixed powder consisting of Fe-base particles and copper 
group metal particles and subsequent plastic working to get an elongated form. 

In the casting method, the non-magnetic copper group metal phases may aggregate in the crystal grain boundaries 
so of the matrix causing cracking during hot working, while in the powder method, the aggregation of the non-magnetic 
copper group metal phases in the crystal grain boundaries of the matrix can be prevented. Thus, the powder method is 
preferable. 

Alternatively, the bias material for magnetic markers according to the invention may be obtained from a material 
produced by compacting a pre-alloyed Fe-base metal powder comprising a non-magnetic copper group metal in an 
55 amount more than a solubility limit thereof in an equilibrium state at a room temperature, and by forming the bound par- 
ticles to a strip form by plastic working. 

This method is more effective than the method using the mixed powder as the material because the non-magnetic 
copper group metal phases can be more uniformly dispersed in the matrix. 
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In order to form an integrated member or article from a pre-alloyed metal powder according to the invention, there 
are a method of compacting or sintering the metal powder. There is also another method of forming a deposition layer 
of metal particles as a semi-solidrf ied state according to spray forming. 

Specifically, the method in which a metal powder formed by atomizing such as gas-atomizing or water-atomizing is 
5 compacted by way of a hot hydrostatic pressing method (hereafter called "HIP "). 

In order to improve mass productivity, increase in the material size it is effective to use a larger material size. There- 
[\ fore, hot working is effective in the beginning stage of plastic working,. Specifically tomin g or hot rolling is preferable^ 
In order to improve the magnetization steepness of the bias material having a strip or wire form, it is effective for 
the bias material to have magnetic anisotropy having longitudinally easier magnetization property relative to that of the 
10 transverse direction of the strip form . It is preferred to carry out cold working in the final stage of plastic work ing in order 
f | ^nr^tn fr p HigpAf coH nnn-maqnoti^ r^PP M group metal phases. Specifically, cold drawing or cold rolling is prefer- 

In order to further improve the magnetization steepness of the bias material, it is effective to perform heat treatment 
|) after cold wo rking (hereafter called "hea t t r fffftm ent tar improving magnetization steepness"). , 

15 The main factors of interfering rotation of magnetic domains are the dispersed non-magnetic copper group metal 
phases and metal compounds, which are non-magnetic areas, and strain in the matrix due to plastic working. 

The strain in the matrix is relieved by the heat treatment for improving magnetization steepness so as to make rota- 
tion of the magnetic domains of the matrix. Thus, the main factors of interfering rotation of the magnetic domains of the 
matrix are only the dispersed non-magnetic copper group metal phases and metal compounds by which the magneti- 
se zation steepness is improved. 

The heat treatment temperature for improving magnetization steepness is preferably 400 to 700°C . If the heat treat- 
ment temperature is too low, strain of the matrix cannot be fully removed. Thus, a more preferable heat treatment tem- 
perature is not lower than 450°C. If the heat treatment temperature is too high, the non-magnetic copper group metal 
phases are coarsened, and the effect of interfering rotation of the magnetic domains of the matrix may not be obtained. 
25 Thus, a more preferable heat treatment temperature is not higher than 650°C. 

It is preferred, in order to downsize the magnetic markers, that the magnetostriction element and the bias material 
are formed to be a strip or wire form. 

The invention relates to a bias material for magnetic markers, which has a strip form and whose metal structure 
comprises an amount of 8 to 18% of non-magnetic copper group metal phases being discretely dispersed in a stripe 
30 pattern which is parallel to the longitudinal direction of the strip form. 

The bias material for magnetic markers of the invention has a ratio of "B(1 .5Hc)/B(5Hc)" exceeding 0.8. 
The bias material for magnetic markers of the invention can be used in combination with a magnetostriction ele- 
ment as a magnetic marker. 

It is preferred that the magnetostriction element and the bias material are formed to be a strip form or a wire form 
35 in order to downsize the magnetic markers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A shows a microstructure of a bias material for magnetic markers according to the invention, which was 
40 observed microscopically; 

Fig. 1B is a schematic drawing of the microstructure of Fig. 1 A; 

Fig. 2A is a graph of a magnetic property of the bias material as a test result, which was not yet subjected to the 
heat treatment for improving steep magnetization property; 

Fig. 2B is a graph of a magnetic property of the bias material as a test result, which was already subjected to the 
45 heat treatment for improving steep magnetization property; 

Fig. 3A shows a microstructure of a bias material (Fe-1 5Cu) made from a casting according to the invention, which 
was observed microscopically; 

Fig. 3B shows a microstructure of a bias material (Fe-15Cu) made by the powder method according to the inven- 
tion, which was observed microscopically; and 
so Fig. 4 is a schematic perspective view of components of a magnetic marker comprising a bias material o1 the inven- 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

55 One of the important features of the invention is that a material, in which non-magnetic copper group metal phases 
are dispersed in the Fe-base matrix, was selected as the material for applying a bias magnetic field as described above. 

Cu-group elements, i.e. Au, Ag, and Cu, are hardly dissolved in the Fe-base matrix. Thus, the bias material has a 
structure in which the copper group elements are discrete or separated from the Fe-base matrix. 
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The term "discrete" used herein means the state wherein a metal structure consists of two phases which are the 
Fe-base phase and the Cu-group phase. 

When a material is magnetized, since the rotation of the magnetic domains of the matrix is prevented by non-mag- 
netic copper group elements present in a dispersed state, the coercive force increases to have semi-hard magnetic 
5 property. 

Although any of Au, Ag, and Cu may be considered effective as the non-magnetic copper group metal, Cu is pre- 
ferred because it is the most inexpensive among the copper group elements. 

Since the Cu-group metal phase is dispersed in the metal structure to form a microstructural rod pattern, its volume 
is important than the weight. Thus Cu is more effective because the weight of Cu is less than that of Au and Ag to obtain 
70 the same effect. 

In the present invention, the content of Cu is 3 to 35% by weight, preferably 5 to 25% by weight, and more prefer- 
ably 8 to 18% by weight _ . 

Clf the coercive force of the bias material is excessively small, the magnetized state of the bias material becomes 
unstable.^ " — ' ' " 

75 For example, there is possibility that after a commodity has been purchased legally and the bias material attached 
to the commodity has been demagnetized, the bias material may be magnetized again by some magnetic fields, and 
alarm is activated. 

Therefore, in the present invention, the content of Cu is preferably 3% by weight or more. 

In order to make the remanence ratio, Br/B8,000, exceed 0.9, the more preferable content of Cu is 5% by weight or 
20 more. 

■I In order to achieve the coercive force He £ 1 ,600 [A/m], the further preferable content of Cu is 8% by weight or 
// J222£»— 

On the other hand, if the coercive force is excessively large, the bias material becomes difficult to demagnetize and 
the distance from the demagnetizing equipment cannot be increased. Therefore, the demagnetization takes a long time 
25 to cause disorder. There will also be cases that the bias material is not demagnetized completely and alarm is activated. 
Increasing in the content of Cu may lower the residual magnetic flux density. 
In the present invention, therefore, the content of Cu is preferably 35% by weight or less. 

In order not to make the remanence ratio, Br/B8,000, be 0.8 or less, the more preferable content of Cu is 25% by 
weight or less. 

30 In order not to make the residual magnetic flux density be 1 .3[T] or less, the more preferable content of Cu is 1 8% 
by weight or less. 

The bias material of the present invention is advantageous in that a high saturated magnetic flux density of the Fe- 
base matrix can be utilized as it is by dispersing a Non-magnetic copper group metal in the matrix, and that the coercive 
force can be controlled by the amount of the dispersed non-magnetic copper group metal. 
35 Also, since the coercive force can be increased by dispersing a non-magnetic compound besides the non-magnetic 
copper group metal, the control of the coercive force to a desired value becomes easy. 

The term "non-magnetic compounds" used herein means, for example, metal sulfides such as MnS, metal oxides 
such as Al 2 0 3 , or metal carbide such as MoC and NbC. 

Since carbon dissolves in an Fe-base matrix, increases the coercive force of the matrix, and combines with other 
40 metal elements to form carbides, metal carbides are particularly effective. 

Of course, non-magnetic compounds other than those exemplified above may be used. 

Elements listed below may be added for controlling the coercive force. It is preferred that such elements are added 
in the range as follows so that workability will not be deteriorated. 

45 C <; 1%, Si <; 5%, Mn ^ 6%, 

Co < 10%, Cr < 1 0%. Ta < 5%, 
W < 5%, Mo < 5%. Ti < 5%, 

V <> 5%, Nb < 5%, P < 0.04%, S < 0.03%, 
Mg < 5%, Ca < 5%, Al < 5%, 

so O < 0.5%, N < 0.5%, B < 1%, 

Y <. 0.5%, rare earth elements <, 0.15%, 
Pd <: 3%, Pt £3%, Zr <; 0.5%. 

Particularly effective elements to form carbide deposited evenly in crystal grains effective for controlling the coer- 
55 cive force are Mo, Ta, W, Nb, or V However, if the amount added becomes large, workability will lower, the remanence 
ratio and magnetization steepness will decrease, and properties required for the bias material is deteriorated. Therefore 
it is preferred to add the above amount of elements. 

When the Cu-group dispersed material is subjected to plastic working, anisotropy occurs in the structure, causing 
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magnetic anisotropy to occur. That is. when the Cu-group metal dispersed in the matrix is elongated by plasty working 
Teh as rolling or drawing, a structure in which non-magnetic regions elongated in the length d.rect.on .s dispersed s 
form*? J^S^SrSw- is magnetized or demagnetized, the non-magnetic regions interfere w,th the rotat.cn of 
the magnetic domains, and the length direction becomes the direction easily magnetized. 

A structure of the bias material is shown in Figs. 1 A and 1 B. Fig. 1 A shows the microstructure observed through a 
scanning electron mfcroscope, and Fig. 1 B shows the schematic diagram thereof. As the schematic diagram shows, a 
^^SSZ^m^ 2 is dispersed in an Fe-base matrix 1 in the state elongated in the rolhng d.rect.on. A 

non-maanetic compound 3 is also observed. . 

ByTray analysis, it was confirmed that the black regions were the Fe-base matnx containing Si. Mn. and so on 
, white regions of risor needless thus having a microstructural rod pattern were Cu. and spherical black portions were 

ir*V^^™*06 to make the material planar or linear for imparting magnetic anisotropy to the material isroll- 
/ ina or drawing and for the reason of the dimensional accuracy and economy, hot rolling or cold rolhng .s preferred. 
I ^ The shLpe o!the bias materia, for magnetic markers according to the present invention may be not only planar, but 
t mav be linear having a round, polygonal, or other profiled cross-section. 
,l y .n orter u«hze the magnet anisotropy described above effects, it is preferred that the bias matenaJ oT tm 
present invention is taken in parallel to the non-magnetic region, which is an elongated Cu-group metal, and magnet- 

iZ ^^1h7nl d X°etic phase is dispersed in the length direction of rolling or drawing, magnetization is easier in 
• the parallel direction than in the vertical direction, .t is preferred to cut in the length direction of the bias material and 
maanetize it in the same direction to use it as the bias material for magnetic markers. 

By hVthe bias material applies a magnetic field to a magnetostriction element in the length direction. It .s pre- 
ferred thanh magnetostrirfion^ement has been subjected to heat treatment to arrange the magnet, c domains ,rr the 
wSdirertion. Wnen the bias materia, is allowed to approach, the magnetic domains of the 
rs having a small coercive force rotate easily, and therefore, resonance occurs mechan,cally when exposed to the alter- 
natina maanetic field of a proper frequency determined by its length. 

Z t™ present invention, a method for producing the bias materia, from a casting is considered ta^tooHM 
the material in the most inexpensive way. The method to cast a molten metal into a moldL or the method of d ree con- 
firms casting onto a thin sheet material can be used. The continuous casting is preferred because segregate n the 

50 ^pSSSSS such as rolhng or drawing on the materia, made from a casting, a 

magnetic regions are dispersed, so as to form a microstructural rod pattern which extends in the length d l rect.on. is 

^hl 1 above-mentioned structure and magnetic behaviors can be obtained not only from a material made from a 
35 casting but also from a material made by powder metallurgy. „ orti ^ r„ 

Mhough various combinations of powder can be considered, it is preferred to use Fe-base meta ic pa tic U Cu- 
grou^on magnetic metallic particles or particles containing a non-magnetic copper group metal. A sfructur . « wh ch 
non magnetic "egions are dispersed, so as to form the above mentioned rod pattern, is obtained by performing working 
such as rolling or drawing on the material produced from the powder by compacting or sintering. 
4 o £*T*!ZILqLc copper group metal element is aggregated on grain boundaries of the matrix when the 
materials made from a casting. aacSng may occur during hot working. On the other hand, cracking can be prevented 

* "l^X^con^ a non-magnetic copper group meta. in an amount equal to or more than the solu- 
bility limit thereof in an equilibrium state at normal temperature in an Fe-base matrix can be used. 

First, a material to be subjected to plastic working is produced gas atomizing or water atom,z,ng of a moHen pre- 
alloyed metal, which comprises a non-magnetic copper group metal in the Fe-base matrix ,n an amount of not ess^ han 
L solubility limit thereof in an equilibrium state at a room temperature. It is compacted, compressed, or sin e ec (for 
example, by HIP), or a method in which a molten metal is deposited to form a layer in the semi-sohdif .ed state, for exam- 

- 6 ' ^rrrSlriaTthus obtained is subjected to rolling or drawing to form a metal structure in which a non-magnetic 

phase is dispersed in the length direction so as to form a microstructural rod pattern. 

~ This methodls m6re "advantagious than the method using a mere mixed powder in that a non-magnetic copper 

Sf'^S^S'SS^ Plastic working has high strain in the matrix. By removing the strain by enough heat 

55 ~ ■tt^^tr/ B K W * Properties before and after heat treatment for improving 

^Ttetul^lmXenal prior to heat treatment shown in Fig. 2A is relatively gentle, while the curve of the material 
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after heat treatment shown in Fig. 2B is nearly rectangular. 

B(1.5Hc)/B(5Hc), which represents magnetization steepness, is about 0.8 before heat treatment, while it was 
improved to about 0.9 after heat treatment. 

Thus, only magnetization steepness can be improved significantly without greatly affecting the saturated magnetic 
5 flux density or the coercive force. 

Although this heat treatment for improving steepness can be performed before or after the process for cutting the 
bias material without producing large difference in effectiveness, it is preferred from the point of view of productivity to 
perform before the cutting process so as to be subjected to continuous heat treatment. 

As described above, the bias material for magnetic marker of a thin sheet form taken in parallel to the non-magnetic 
io copper group metal phase elongated and dispersed, so as to form the microstructural rod pattern, can be obtained. * 

By taking in parallel to the non-magnetic copper group metal phase elongated and dispersed stringly, and by heat 
treatment for improving steepness, a bias material of B(1 .5Hc)/B(5Hc) £ 0.8 is obtained. When 8 to 18% by weight of 
Cu is contained, B(1.5Hc)/B(5Hc) £ 0.9 is easily realized. 

From various points of view, such as magnetic properties including remanence ratio, coercive force, and hot and 
75 cold workability other than magnetization steepness, the most preferred content of Cu is 8 to 18% by weight. 

In the present invention, a magnetic marker can be produced by combining a magnetostriction element and a bias 
material. 

As the material for magnetostriction elements, for example, Fe-Co or Fe-Ni-Mo amorphous metal materials have 
been known. The magnetostriction element consisting of these materials is oscillated mechanically by alternating mag- 
so netic fields of resonance frequency determined by the length of the magnetostriction element under the state prelimi- 
narily magnetized to about 300 to 800 A/m by the bias material. For example, when the resonance frequency is 
established between 50 and 60 kHz, , the length of the magnetostriction element is between about 20 mm and about 
50 mm. 

The magnitude of the magnetic field impressed on the magnetostriction element by the bias material is determined 
25 by the residual magnetic flux density of the bias material, the cross-sectional area of the bias material, and the distance 
between the bias material and the magnetostriction element. Since the bias material according to the present invention 
has a high residual magnetic flux density, the cross-sectional area can be small when a bias magnetic field is impressed 
to the magnetostriction element, which is also effective to the downsizing of the magnetic marker. 

It is preferable that the magnetostriction element is planar or linear to fit the shape of the bias material. It is more 
30 preferable that both bias material and the magnetostriction element are planar because they can be made small and 
thin. . 



Example 

35 The bias materials Nos. 1 through 16 according to the present invention were produced by the following casting 
method. 

After prepared an alloy melt having a desired composition in a melting furnace, the melt was cast to an ingot to 
obtain the material. Although some materials cracked during forging, the parts free of cracking were processed to a 
thickness of 5 mm. Then, softening anneajing and cold rolling were repeated to obtain thin sheet materials of a thick- 
40 ness of 50 ^m. 

Comparative Example 31 was also produced in the same manner. 

The bias materials Nos. 51 through 66 according to the present invention were produced by the following powder 
method. 

First, each melt of the materials was prepared to have a desired composition in a melting furnace, then a powder 
45 of spherical particles was obtained by the gas atomizing method. According to X-ray analysis, each of the metal pow- 
ders contains the non-magnetic copper group metal in the Fe-base matrix in an amount of more than the solubility lim- 
itation thereof in an equilibrium state at a room temperature. 

Next, the powder under 16 mesh (or minus 16 mesh) obtained by screening was filled in a soft steel can for HIP 
made from a mild steel having a width of 1 00 mm, a thickness of 40 mm and a length of 200 mm, heated and degassed, 
so and sintered by the HIP method at a temperature of 950°C and a pressure of 1 ,500 atm for one hour. The sintered mate- 
rial wa s hot-rolled to have a thickness of 15 mm . and the can was removed by machining. Then after softening anneal- 
ing at 850°C for one hou^ the material was hot-rolled to have a thickness of 5 mm. Then, gofteninq-annealing and 
plastic working by cold rollin g were repeated to obtain thin sheet materials of a thickness of 50 urn. 
* Comparative ExampleBl was also produced in the same manner. " ! \^ q q$ 

55 Table 1 shows the compositions of the bias materials produced according to the present invention. * #w 
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Table 1 



Specimen No. 


\ji ici i nodi i ijjuoiuui i 

(wt%) 


Type of production 


Type of specimen 


1 


Fe-1.5Cu 


Casting 


Invention 


2 


Fe-3.0Cu 


ditto 


ditto 


3 


Fe-3.0Cu-8Cr 


ditto 


ditto 


4 


Fe-6.0Cu 


ditto 


ditto 


5 


Fe-9.0Cu 


ditto 


ditto 


6 


Fe-9.0Cu-0.5AI-0.05O* 


ditto 


ditto 


- 7 


Fe-9.0Cu-0.5C-1 Mo 


ditto 


ditto 


8 


Fe-9.0Cu-5Cr 


ditto 


ditto 


9 


Fe-9.5Cu 


ditto 


ditto 


10 


Fe-9.5Cu-5Cr 


ditto 


ditto 


11 


Fe-15.0Cu 


ditto 


ditto 


12 


Fe-18.0Cu 


ditto 


ditto 


13 


Fe-24.0Cu 


ditto 


ditto 


14 


Fe-27.0Cu 


ditto 


ditto 


15 


Fe-34.0Cu 


ditto 


ditto 


16 


Fe-37.0Cu 


ditto 


ditto 


31 


Fe-26Cr-10Co 


ditto 


Comparative 


51 


Fe-1.5Cu 


Powder 


Invention 


52 


Fe-4.0Cu 


ditto 


ditto 


53 


Fe-4.0Cu-0.3C-1 Mo 


ditto 


ditto 


54 


Fe-7.0Cu 


ditto 


ditto 


55 


Fe-7.0Cu-lC-3Mo 


ditto 


ditto 


56 


Fe-9.5Cu 


ditto 


ditto 


57 


Fe-9.5Cu-0.5AI-0.05O* 


ditto 


ditto 


58 


Fe-9.5Cu-0.5C-1W 


ditto 


ditto 


59 


Fe-9.5Cu-0.5C-1 Mo 


ditto 


ditto 


60 


Fe-15.0Cu 


ditto 


ditto 


61 


Fe-15.0Cu-0.5C-0.2Nb 


ditto 


ditto 


62 


Fe-23.0Cu 


ditto 


ditto 


63 


Fe-24.0Cu-0.5C-1Mo 


ditto 


ditto 


64 


Fe-27.0Cu 


ditto 


ditto 


65 


Fe-34.0Cu 


ditto 


ditto 


66 


Fe-37.0Cu 


ditto 


ditto 



8 



EP 0 875 874 A2 

Table 1 (continued) 



Specimen No. 


Chemical composition 
(wt%) 


Type of production 


Type of specimen 


81 


Fe-26Cr-10Co 


ditto 


Comparative 


Note 1 
Note 2 
Note 3 
Note 4 
NoteS 


"Casting" means "Casting Method". 

"Powder" means "Powder Method" in which a starting material is a powder. 
"Invention" means "Invention Example (or specimen)" 
"Comparative" means "Comparative Example (or specimen)" 
The symbol w *" attached to "0.50O" means "0.05% oxygen". 
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The bias materials for magnetic markers were obtained from each of the thin sheet materials produced in the above 
processes sos as to have a longitudinal direction parallel to the dispersed Cu phase being elongated in the roiling direc- 
75 tion. . 



It L 



The magnetic properties were measured, after heat treatment for improving steepness at a temperature between } 

400 and 700°C for 30 minutes ^_J~~ ' " — — ' 

Table 2 shows the resultsof measuring the magnetic properties. 



20 



25 



30 



35 



AO 



45 



55 
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Table 2 



5 


Specimen 
No. 


Chemical composition 
(wt%) 


Coercive force 
(He) A/m 


nesiuuai rnayneiiu 
flux density Br (T) 


Br/B8000 


B(1.5Hc)/B (5Hc) 




1 


Fe-1.5Cu 


520 


1.71 


0.88 


0.93 




2 


Fe-3.0Cu 


890 


1.68 


0.87 


0.94 




3 


Fe-3.0Cu-8Cr 


950 


1.50 


0.86 


0.90 


10 


4 


Fe-6.0Cu 


1370 


1.63 


0.91 


0.92 




5 


Fe-9.0cu 


1620 


1.62 


0.91 


0.93 




£ 


Fe-9.0Cu-0.5AI-0.05O* 


1730 


1.54 


0.89 


0.92 


15 


7 


Fe-9.0Cu-0.5C-1Mo 


1650 


1.57 


0.91 


0.92 




Q 

o 


Fe-9 0Cu-5Cr 


1920 


1.51 


0.85 


0.95 




Q 

57 


Fe-9 5Cu 


1580 


1.62 


0.91 


0.96 




10 


Fe-9 5Cu-5Cr 


1920 


1.51 


0.85 


0.91 


20 


1 1 


Fp-15 OCu 


1920 


1.62 


0.88 


0.93 






Fp-18 OCu 


3850 


1.32 


0.82 


0.91 




1 o 


Fe-24 OCu 


5300 


1.24 


0.81 


0.90 


25 


I *+ 


Fe-27 OCu 


6100 


1.12 


0.81 


0.88 




1 R 


Fp-34 OCu 


6450 


1.08 


0.80 


0.87 




1 fi 


Fe-37 OCu 


6720 


1.06 


0.79 


0.85 


30 


**1 


Fe-26Cr-10Co 


7200 


1.08 


0.78 


0.78 


c;i 

w ■ 


Fe-1.5Cu 


520 


1.72 


0.85 


0.93 






Fe-4.0Cu 


980 


1.67 


0.88 


0.93 




Jv 


Fe-4.OCu-0.3C-1 Mo 


1160 


1.62 


0.84 


0.92 


35 


54 


Fe-7.0Cu 


1250 


1.60 


0.91 


0.93 




55 


Fe-7.0Cu-1 C-3Mo 


1550 


1.63 


0.91 


0.92 




56 


Fe-9.5Cu 


1640 


1.62 


0.91 


0.95 


40 


57 


Fe-9.5Cu-0.5AI-0.05O* 


1690 


1.60 


0.89 


0.92 




58 


Fe-9.5Cu-0.5C-1W 


1750 


1.58 


0.87 


0.93 




59 


Fe-9.5Cu-0.5C-0.2Nb 


1770 


1.59 


0.88 


0.93 




60 


Fe-15.0Cu 


1880 


1.45 


0.90 


0.90 


45 


61 


Fe-15.OCu-0.5C-0.2Nb 


2470 


1.42 


0.84 


0.89 




62 


Fe-23.0Cu 


3630 


1.25 


0.82 


0.88 




63 


Fe-24.0Cu-0.5C-1 Mo 


5480 


1.22 


0.83 


0.87 


50 


64 


Fe-27.0Cu 


5810 


1.20 


0.80 


0.87 




65 


Fe-34.0Cu 


6270 


1.15 


0.80 


0.86 




66 


Fe-37.0Cu 


6550 


1.13 


0.79 


0.85 




81 


Fe-26Cr-10Co 


6850 


1.14 


0.76 


0.77 



Note: The symbol " attached to "0.05O" means "0.05% oxygen". 



As Table 2 shows, it is found that the coercive force and the residual magnetic flux density of the bias materials Nos. 
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1 through 16 and Nos. 51 through 66 according to the present invention can be adjusted by the amount of Cu. By 
changing the amount of Cu from 3 to 35%, bias materials of He of 800 to 6,550 A/m can be obtained. And the rema- 
nence ratio and the magnetization steepness in B-H curve of them are equal to or more than 0.8. i.e. Br/B8,000 ^ 0.8 
and B(|.5Hc)/B(5Hc) > 0.8. 

s The microstructure of a bias material of the invention was observed through a scanning electron microscope. 

The microstructure of a bias material having the chemical composition according to the present invention has a 
structure in which the non-magnetic copper group metal phase is dispersed in an Fe-base matrix to form the microstruc- 
tural rod pattern. For example, in the specimens to which a carbide forming element was added such as the bias mate- 
rial No. 7, the presence of MoC was confirmed among the non-magnetic compounds. 

io Examples of the microstructure are shown in Figs. 3A and 3B. Fig. 3A shows the microstructure of the bias material 
No. 1 1 produced by the casting method, and Fig. 3B shows the microstructure of the bias material No. 60 produced by 
the powder method. 

In either example, a dispersed and elongated Cu phase can be seen as a white rod or needle pattern in the black 
Fe-base matrix. The lateral direction of the photograph is the length direction of the bias material, i.e. the length direc- 
75 tion of cold rolling. It is found that the material has magnetic anisotropy because the strings of Cu is laterally elongated 
and oriented in the length direction of cold rolling. 

Actually, the specimens being cut in the width direction of cold rolling (i.e. vertically relative to the elongated Cu 
phase, have much better magnetization steepness than that of the specimen being cut in the length direction of cold 
rolling, i.e. in parallel to the elongated Cu. 
20 Although no significant differences in the saturated magnetic flux densities and the coercive forces were found, but 
the magnetization steepness of the specimens cut in parallel excelled decisively, and the B(1 .5Hc)/B(5Hc) of the bias 
material No. 9 of the invention was 0.19 for the vertical material and 0.92 for the parallel material. 

The bias material of the invention was combined with a metal piece which oscillates due to magnetostriction called 
a magnetostriction element to produce a magnetic marker. 
25 Fig. 4 shows a schematic diagram of an example of the magnetic marker according to the invention. 

A pack 5 produced by holding a magnetized bias material 4 with a resin material is allowed to approach to a mag- 
netostriction element 6 as Fig. 4 shows and put in a case 7 to form a magnetic marker. This magnetic marker is used 
by inserting in or attached to goods. 

According to the invention, sufficient coercive force and high residual magnetic flux density, and high remanence 
30 ratio and steepness in B-H curves can be obtained as a bias material for magnetic markers by using an Fe-Cu-group- 
based material. And the bias material is inexpensive since no expensive materials such as Co is required. This is 
advantageous for markers not to be removed from commodities or articles. 

Claims 

35 

1. A bias material for magnetic markers having a metal structure in which a non-magnetic copper group metal phase 
is dispersed in the Fe-base matrix. 

2. The material of claim 1 , which further comprises dispersed non-magnetic compound grains. 

40 

3. The material of claim 2, wherein said non-magnetic compound is a metal carbide. 

4. The material of claim 1 , which consists essentially of 3 to 35 wt% of a copper group metal and balance of substan- 
tially Fe. 

45 

5. The material of claim 1 , which has an elongated form, preferably a strip form. 

6. The material of claim 5, wherein said non-magnetic copper group metal phase has a microstructural rod pattern 
along the longitudinal direction of the bias material. 

so 

7. The material of claim 6, which has magnetic anisotropy in which magnetisation is easier in the longitudinal than in 
the transverse direction of the bias material. 

8. A bias material for magnetic markers, which has a strip form and consists essentially of 8 to 18 wt% of a non-mag- 
55 netic copper group metal and balance substantially of Fe, wherein said non-magnetic copper group metal is dis- 
persed so as to have a microstructural rod pattern and the non-magnetic copper group metal phases are orientated 
along the longitudinal direction of the bias material. 
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9. The material of claim 8, which has a ratio of "B(1 .5Hc)/B(5Hc)" exceeding 0.8 in the longitudinal direction, where 
M B(1 .5Hc)" is the magnetic flux density when the bias material is exposed to a magnetic field of 1 .5 times the coer- 
cive force of the bias material, and "B(5Hc)" is the magnetic flux density when the bias material is exposed to a 
magnetic field of 5 times the coercive force of the bias material. 

5 

1 0. A magnetic marker comprising a magnetostriction element and a bias material according to any one of claims 1 to 
9, which bias material exerts a bias magnetic field on said magnetostriction element. 

1 1. A method of producing a bias material for magnetic markers, comprising 

10 

casting an Fe-base alloy to produce an intermediate cast product, which comprises a non-magnetic copper 
group metal in an amount of not less than the solubility limit thereof in an equilibrium state at a room tempera- 
ture; and 

subjecting said intermediate cast product to plastic working to produce an elongated form. 

15 

12. A method of producing a bias material for magnetic markers, comprising 

compacting a pre-alloyed metal powder, each particle of which consists essentially of Fe and a non-magnetic 
copper group metal in an amount of not less than the solubility limit thereof in an equilibrium state at normal 
20 temperature, to obtain a compact mass; and 

subjecting said compact mass to plastic working to produce an elongated form. 

13. The method of claim 12, wherein said pre-alloyed metal powder is made from a molten metal by rapid cooling. 

25 14. The method of any of claims 1 1 to 13, wherein said bias material provided with a strip form as the elongated form 
is subjected to heat treatment at a holding temperature of 400 to 700 °C for causing a non-magnetic copper group 
metal phase to precipitate. 
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FIG.1A 




i — i 

10yum 



FIG.1B 
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FIG.3A 
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FIG.4 
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